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Artificial Intelligence 


Informed Search 

♦ Informed Search 

• Heuristics 

• Greedy Search 

• A* Search 

• Graph Search 




Recap: Search 
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Search problem: 

States (configurations of the world} 

Actions and costs 

Successor function which says how the 
states respond to actions (world dynamics} 
Start state and goal test 
Search tree: 

• Nodes: represent plans for reaching states 

• Plans have costs (sum of action costs) 

Search algorithm: 



•Systematically builds a search tree 
•Chooses an ordering of the fringe (how we decided 
which partial plan to expand next.} 

•Optimal: finds least-cost plans 







Example: Pancake Problem 


BOUNDS FOR SORTING BY PREFIX REVERSAL 

William H. GATES 

Microsoft. Albuquerque, New Mexico 

Christos H. PAPADlMlTRiOU*t 
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For a permutation a of the integers from 1 to n, let f{<j) be the smallest number of prefix 
reversals that will transform c t to the identity 1 permutation, and let f(n) be the largest such f(a ) 
for all c r in (the symmetric group) S n . Wc show that /(n)^(5n 1 5)/3, and that 17n/16 for 

n a multiple of 16. If, furthermore, each integer is required to participate in an even number of 
reversed prefixes, the corresponding function gui) is shown to obey 3n/2 1 <g(n) *£2n -h3. 





Example: Pancake Problem 


State space graph with costs as weights 




General Tree Search 


ftUiCtiotr rH|T.-Si: \llt f|( pnihlr rn, simtt yif) rrt iirto a solution, dr failure 
initialize the search tree using the initial state of pmbtt'm 
loop < In 

if there are no candidates for expansion n In -n return failure 
choose a leaf node for expansion according to ftmtiyg 
if the node contains a goal state then ri'tiiru the corresponding solution 
clw expand the node and add the resulting nodes to the search tree 

etui 


Action: flip top two 
Cost: 2 


Action: flip all four 
Cost: 4 


Path to reach goal: 
Flip four, flip three 
Total cost: 7 




The One Queue 


• All these search algorithms are the 
same except for fringe strategies 

• Conceptually, all fringes are priority 
queues (i.e. collections of nodes with 
attached priorities) 

• Practically, for DFS and BFS, you can 
avoid the log(n) overhead from an 
actual priority queue, by using stacks 
and queues 

• Can even code one implementation 
that takes a variable queuing object 





Uninformed Search 






Informed Search 





Search Heuristics 


A heuristic is: 

* A function that estimates how close a state is to a goal 

* Designed for a particular search problem 

* Examples: Manhattan distance, Euclidean distance for 
pathing 
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Example: Heuristic Function 



Orade-a 


DobTEta 


Arad 


Bucriaratl 


C-ii.ii',j'U 




Hh*uvd 


Er*rlp 


St^aiiglsT-lina diNfaftca 

to Rudiarest 



>6* 

0 

Craiova 

Ifrfl 

l>iib('i-1ki 

242 

1 ,U\ rk 

Ifrt 


|l 7ft 

f ■ 1 nr^Si3 

77 

HI rh+n H 

151 

Iasi 

226 

LuiWj 

244 

Mfliadin 

241 


2.14 

^ )Ti(ta 


PJtartl 

98 

Kiimi it'ii VKkm 

193 

SlltJl! 

253 

'MlUi’iiiiiliL 

129 

Ur/Uvnl 

BO 

% ^lul 

L44 

Zcflinsi 

174 


J 









Greedy Search 



Example: Heuristic Function 
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Greedy Search 
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• Expand the node that seems closest... 
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What can go wrong? 












A* Search 



Combining UCS and Greedy 

Uniform-cost orders by path cost, or backward cost g(n) 
Greedy orders by goal proximity, or forward cost h(n) 


8 



h=7 h=6 


A* Search orders by the sum: f(n) = g(n) + h(n) 


















Is A* Optimal? 


h = 6 



• What went wrong? 

• Actual bad goal cost < estimated good goal cost 

• We need estimates to be less than actual costs! 




Idea: Admissibility 



Inadmissible (pessimistic) heuristics break 
optimality by trapping good plans on the fringe 


Admissible (optimistic) heuristics slow down 
bad plans but never outweigh true costs 



Admissible Heuristics 


A heuristic h is admissible )optimistie) if: 

0 < h{n ) < h*(n) 

where h' ( n ) is the true cost to a nearest goal 


Examples: 



• Coming up with admissible heuristics is most of what's involved 
in using A* in practice. 




Optimality of A* Tree Search 


Assume: q 

• A is an optimal goal node 0 -0 

* B is a suboptimal goal node 

\ 

• h is admissible 

/ \ 

A 0 

Claim: Q B 

\ 

* A will exit the fringe before B L 










Optimality of A* Tree Search: Blocking 


Proof: 

* Imagine Bison the fringe 

* Some a n cestor rt of A is o n t h e 
fringe, too (maybe A(! 

* Claim: n will be expanded before B 

1. f(n} is less or equal to f(A( 

2. f( A) is less than f(B( 

3. n expands before B 

* All ancestors of A expand before B 

* A expands before B 

* A* search is optimal 


n 
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f(r i) < /(A) < f(B) 












Pathing /routing problems 
Video games 

Resource planning problems 
Robot motion planning 
Language analysis 
Machine translation 
Speech recognition 





Thanks 



